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To assess parameters on optical coherence tomography (OCT), and their correlation with
best-corrected visual acuity (BCVA) in patients with non-resolving central serous chorioreti-
nopathy (CSC).
Methods
For 25 non-resolving CSC patients treated with photodynamic therapy (PDT), the thickness
of retinal layers was assessed on the foveal spectral-domain (SD) OCT scan. Evaluated
OCT parameters included the central retinal thickness (CRT), defined as the internal limiting
membrane (ILM) to ellipsoid zone (EZ) distance, and the second band thickness (SBT),
defined as the EZ to hyperreflective subretinal accumulation distance. Integrity of the external
limiting membrane (ELM) and the EZ bands was also determined. These parameters, along
with BCVA and CRT measured automatically by SD-OCT device software were obtained
before PDT, after PDT, and at final visit. After Bonferroni correction, a p-value <0.007 was
considered statistically significant.
Results
Twenty-five patients could be included at last visit before PDT and first visit after PDT. At
final visit, 24 patients could be included, since 1 patients was lost to follow-up. Mean CRT
was 112 μm at last visit before PDT, 118 μm at first visit after PDT (p = 0.030), and 127 μm
at final visit (p<0.001compared to baseline). Mean SBT was 74 μm, 26 μm (p<0.001 com-
pared to baseline), and 21 μm (p<0.001 compared to baseline), respectively. Mean BCVA in
Early Treatment of Diabetic Retinopathy Study letters was 79 at baseline, 85 at first visit
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after PDT (p = 0.005 compared to baseline), and 87 at final visit (p = 0.001 compared to
baseline). BCVA had an estimated correlation of β = 0.103 (p = 0.114) with CRT, β = -0.051
(p = 0.014) with SBT, β = 0.615 (p = 0.600) with the integrity of the ELM, and β = 4.917 with
the integrity of the EZ (p = 0.001).
Conclusions
In non-resolving CSC patients treated with half-dose PDT, the CRT increased at final visit in
comparison to the last visit before PDT. The continuity of the EZ on SD-OCT was positively
correlated with BCVA. We propose that the distance between ILM and EZ should be used
as a reliable CRT measurement in non-resolving CSC patients treated with half-dose PDT.
Introduction
Central serous chorioretinopathy (CSC) is characterized by a serous retinal detachment due to
hyperpermeability of the choroidal vessels, subretinal leakage of serous fluid, and failure of the
retinal pigment epithelium (RPE) in resorbing the excessive fluid accumulation.[1, 2] This pro-
cess can lead to complaints such as vision loss, metamorphopsia, and changes in color and
contrast vision. Several factors, such as male sex, use of steroid-containing medication, type A
personality, and pregnancy are known to be associated with CSC.[3] Two forms of CSC have
been described in literature, of which the overlap is currently unclear.[4] Acute CSC, which is
characterized by a serous retinal detachment with limited focal or multifocal RPE alterations,
usually recovers within a few months without the need of treatment.[4] Non-resolving CSC
patients on the other hand, present with more extensive abnormalities in the macular area,
without spontaneous recovery.[4] Half-dose photodynamic therapy (PDT) is often a successful
treatment in non-resolving CSC patients, accelerating the resolution of subretinal fluid (SRF),
with a favourable safety profile.[5] The effects of PDT may be long-lasting, causing permanent
changes and possible damage to the choroidal vasculature, as shown in a primate model.[6]
However, while PDT and micropulse laser treatment appear the most promising treatments
for non-resolving CSC, consensus on the optimal treatment strategy in the management of
non-resolving CSC is yet to be achieved, which may be a facilitated using the anticipated
results of prospective randomized trials such as the PLACE trial.[7, 8] To date, optical coher-
ence tomography (OCT) can be used both for diagnostic purposes and to evaluate the amount
of SRF and the retinal anatomy before and after treatment.
The thickness and integrity of the various retinal layers visualized on OCT might be of
interest to predict visual outcome of a CSC episode. The central retinal thickness (CRT) is a
commonly used anatomical parameter to evaluate treatment outcomes in the spectrum of
common retinal diseases, such as age-related macular degeneration, diabetic macular edema,
retinal venous occlusion, as well as CSC. The CRT in non-resolving CSC before and after PDT
treatment and its relationship with best-corrected visual acuity (BCVA) has been evaluated in
several retrospective studies.[9–13] However, there is currently no consensus how to measure
CRT in CSC patients. For example, the distance between the inner and outer retinal surface
has been used.[12] In other studies, the distance between the inner limiting membrane (ILM)
and either the RPE or Bruch’s membrane (BM) was measured either manually or automatically
by the OCT software (Fig 1).[9–11, 13–17] When defining the ILM to BM distance as CRT, a
post-PDT decrease in CRT has been described that even exceeds the actual thickness of the
neuroretina.[9] These CRT measurements may result in false representations of treatment
OCT parameters in non-resolving CSC
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results, due to the fact that these measurements erroneously include the SRF in automated
measurements of CRT. This stresses the need for a universal definition of CRT, subretinal lay-
ers, and structures in CSC, both for documentation and possible prediction of therapeutic
outcome.
Spaide and Curcio have previously linked different hyperreflective bands visualized on
OCT to the histological anatomy of retinal layers.[18] The distance between the ILM and the
EZ measured on spectral-domain (SD) OCT seems to approach the histological thickness of
Fig 1. This figure shows an example of potential marked differences between automatic and manual central retinal thickness (CRT) measurements
on spectral-domain optical coherence tomography (SD-OCT) in a patient with non-resolving central serous chorioretinopathy. A: Automatic CRT
measurement by SD-OCT device software, in which the distance between the inner limiting membrane (ILM) and Bruch’s membrane was identified as
the ‘CRT’ (736 μm), whilst erroneously including the subretinal fluid which obviously should not be part of a retinal thickness measurement. B: Manual
CRT measurement in the same case, in which CRT was defined as the distance from the ILM to the inner border of the ellipsoid zone (EZ; 132 μm).
https://doi.org/10.1371/journal.pone.0202549.g001
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the neurosensory retina most accurately in patients with macular diseases with SRF accumula-
tion. Relatively little is known about the correlation between CRT and other OCT parameters,
and outcome of treatment in non-resolving CSC. Also, variable measurements and definitions
of OCT parameters such as CRT have been described in non-resolving CSC in the past.[9, 16,
19] The aim of this study was to define CRT, thickness of the second hyperreflective band
(SBT), integrity of the external limiting membrane (ELM), integrity of the ellipsoid zone (EZ)
in non-resolving CSC patients, and to assess their correlation with the outcome of PDT treat-
ment in this patient group.
Materials and methods
This study adhered to the tenets of the Declaration of Helsinki. Written informed consent was
acquired from all patients involved in the study. This study has been approved by the Central
Committee of Human Research of the Leiden University Medical Center. Approval number:
P14.297
The medical records and multimodal imaging data of 26 patients (26 eyes, 1 eye per patient)
who were diagnosed with non-resolving CSC, also described as chronic CSC,[20] and who
were treated with half-dose PDT between March 2014 and November 2016 at the Department
of Ophthalmology of Leiden University Medical Center (Leiden, the Nederlands), were ana-
lysed. The diagnosis of non-resolving CSC was based on the presence of SRF > 3 months on
SD-OCT, characteristic ‘hot spots’ of leakage, diffuse leakage, and RPE alterations visualized
on fluorescein angiography (FA), and diffuse hyperfluorescent areas on indocyanine green
angiography (ICGA). In the current study, only patients with foveal SRF at baseline were
included, and this SRF had to be completely resolved after a maximum of 2 half-dose PDT
treatments. Patients with either intraretinal fluid or suspicion of other retinal pathology, or
patients who were previously treated for earlier episodes of CSC, were excluded. Patients in
whom the retinal layers were insufficiently distinguishable due to suboptimal imaging quality
of the SD-OCT scans, were also excluded.
For the PDT procedure, all patients received an intravenous infusion of 3 mg/m2 (half-
dose) verteporfin (Visudyne1; Novartis, Basel, Switzerland) during an infusion time of 10
minutes. At exactly 15 minutes after the start of infusion, an anaesthetic eye drop was given
(oxybuprocaine 0.4% or equivalent) before a contact lens (macula contact glass) was posi-
tioned on the affected eye. Subsequently, laser therapy with a standard fluency of 50 J/cm2 and
a wavelength of 689 nm was applied to the area to be treated for 83 seconds. The laser spot size
was chosen according to the area of hyperfluorescence on late phase ICGA, plus a treatment
margin of 1 mm. If necessary, several laser spots were applied to cover the whole affected area.
All patients underwent BCVA measurement in Early Treatment of Diabetic Retinopathy
Study (ETDRS) letters (Precision Vision, La Salle, Illinois, USA) at a distance of 4 meters, slit
lamp examination, and multimodal imaging at the visit prior to PDT, and the visit(s) after
PDT. In all patients, multimodal imaging was performed at baseline, including SD-OCT, fun-
dus autofluorescence (FAF) imaging, FA, and ICGA (all acquired with Spectralis HRA+OCT,
Heidelberg Engineering, Heidelberg, Germany). At final visit, the following examinations
were performed: BCVA in ETDRS, slit lamp examination, SD-OCT, and FAF. FA and ICGA
were only repeated in selected cases with persistent SRF accumulation at follow-up. The dis-
tances between different retinal and thickness measurements on the SD-OCT images were per-
formed manually, in the 1:1 μm mode, using maximal (800%) magnification, and with use of
the caliper tool in Heidelberg Eye Explorer, version 1.9.10.0. The Spectralis HRA+OCT has an
axial resolution of less than 7 μm and uses a superluminescent diode with a center wavelength
of 870 nm.[18, 21]
OCT parameters in non-resolving CSC
PLOS ONE | https://doi.org/10.1371/journal.pone.0202549 August 24, 2018 4 / 13
On SD-OCT, the distance from ILM to outer part of ELM, ILM to inner part of EZ, ILM to
outer part of hyperreflective accumulation, and ILM to RPE were measured in the foveal pit at
last visit before PDT, first visit after PDT, and final visit (Fig 2). In addition to the manual CRT
measurement, CRT was also obtained through automatic measurement by the SD-OCT
machine itself. The exact location of the foveal pit was recognized by both the maximal foveal
dip and the hyperreflective aspect of the ILM, and the location of the outer nuclear layer
curvature. First, a line was drawn based on the outer part of BM from the most nasal to the
most temporal side of the SD-OCT scan with the foveal pit in the center of the scan. Second, a
protractor was used to draw a line perpendicular on the first line, through the foveal pit (second
line). The retinal measurements were done at the foveal pit, on the second line (Fig 2). After res-
olution of SRF, the foveal pit may have shifted. Therefore, the foveal pit was defined again, both
at first visit after PDT and at final visit in order to perform the subsequent measurements.
Distance between the inner part of the internal limiting membrane (ILM) and the outer
part of the external limiting membrane (ELM) (1). Distance between the inner part of the ILM
and the inner part of the ellipsoid zone (EZ) (2). Distance between the inner part of the ILM
and the outer part of the hyperreflective accumulation within the subretinal fluid (3). Distance
between the inner part of the ILM and inner part of the retinal pigment epithelium (RPE) (4).
Interdigitation zone (IZ), outer segments (OS) of the photoreceptors.
Evaluated OCT parameters in this study included: CRT changes over time, the change in
foveal SBT over time, the correlation between BCVA and CRT, and the correlation between
BCVA and SBT. Additionally, the correlation between BCVA and ELM integrity on SD-OCT,
Fig 2. Retinal thickness measurements on spectral-domain optical coherence tomography (SD-OCT) in a patient with non-resolving central serous
chorioretinopathy, who was treated with half-dose photodynamic therapy (PDT). Overview of the SD-OCT at the visit prior to PDT (A). Measurements at
last visit before PDT (B). Measurements at the first visit after PDT (C). Measurements at final visit (D).
https://doi.org/10.1371/journal.pone.0202549.g002
OCT parameters in non-resolving CSC
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and the correlation between BCVA and the EZ integrity on SD-OCT were assessed. In our
study and for manual measurements, we defined CRT as the distance from the inner border of
the ILM to the inner border of the EZ on SD-OCT, as this may approach the true thickness of
the neuroretina the most in non-resolving CSC cases which often accumulate subretinal
debris. We are aware that this measurement lacks the EZ and outer segment thickness, which
is also part of the retina. However, these layers are indistinguishable from the hyperreflective
debris that is often seen within the SRF on SD-OCT in an active stage of non-resolving CSC
(Fig 2A). The SBT was defined as the distance between the inner border of the EZ and the
outer part of the debris when SRF was present, or the distance between the inner border of the
EZ and the outer part of the EZ when the subretinal debris on SD-OCT had resolved after
PDT. The value for SBT was not measured but calculated by subtracting the distance between
ILM and inner border of the EZ, from the distance from ILM to the outer border of the hyper-
reflective subretinal accumulation of debris (Fig 2). Discontinuity of either the ELM or the EZ
was defined as: 1. decreased signal intensity, or 2. absence of signal as compared to these ELM
and EZ bands at a distance of more than 500 μm of the foveal pit, or 3. disruption of the ELM
or EZ line within 500 μm from the fovea on SD-OCT (Fig 3).
Statistical analyses were performed using SPSS Statistics (IBM Corp. version 23.0. Armonk,
New York, United States of America). Paired t-tests and McNemar tests were used to compare
the parameters between last visit before PDT, first visit after PDT, and final visit. Generalised
estimating equations (GEE) analyses were used to evaluate the correlation between BCVA and
foveal measurements on SD-OCT, and integrity of foveal ELM and EZ. A Bonferroni correc-
tion was performed to adjust for multiple testing. With 7 measured parameters, a p-value of α
= 0.05/7 (0.007) was considered statistically significant.
Results
Twenty-five out of 26 patients (21 males, 4 females) were included, and for these patients data
prior to PDT, and for at least 1 visit after PDT were collected. No final visit was available for 1
out of the 25 included patients, because this patient was lost to follow-up. Additionally, 1
patient was excluded because of suboptimal quality of the SD-OCT images. There were 3
patients who received 2 PDT treatments, with an interval of 71 days, 48 days, and 69 days,
respectively, between the PDT treatments. The mean age of the non-resolving CSC patients at
the day of PDT treatment was 46.9 years (range, 33.4–62.8). Two patients had a retinal pig-
ment epithelial detachment (PED) at baseline, which diminished during follow-up. The mean
follow-up duration from PDT treatment until first visit after PDT, and until final visit was 1.7
months (range, 1.4–1.8) and 7.6 months (range, 6.8–9.4), respectively. The mean and range of
the BCVA before and after PDT is summarized in Table 1. There was a mean improvement of
6 ETDRS letters (Snellen equivalent: 0.24) when comparing BCVA between baseline to first
visit after PDT (p = 0.005), and a mean improvement of 8 ETDRS letters (Snellen equivalent
0.34) when comparing baseline to final visit (p = 0.001). An example of multimodal imaging
characteristics of 1 patient at the visit before PDT and at first visit after PDT is shown in Fig 4.
The parameters that were assessed on OCT before and after PDT are summarized in
Table 1. The CRT that was calculated automatically by the SD-OCT device software at the last
visit before PDT was significantly higher than the manually measured CRT at last visit before
PDT (p< 0.001). This was caused by the fact that the automated CRT measurement of the
SD-OCT device erroneously included the SRF in all of the examined patients with SRF. The
correlation of multiple parameters measured manually on SD-OCT with BCVA are summa-
rized in Table 2. After performance of a GEE analysis, only excluding the final visit of the
patient that was lost to follow-up, we observed an estimated correlation of β = 0.103 between
OCT parameters in non-resolving CSC
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an increase in CRT and an increase in BCVA at baseline and follow-up (p = 0.114). We found
an estimated correlation of β = -0.051 between an increase in foveal SBT and an increase in
BCVA (p = 0.014). No significant correlation was found between BCVA and the distance from
ILM to ELM (estimated correlation β = 0.069; p = 0.341), the distance from ILM to hyperre-
flective subretinal accumulation (estimated correlation β = 0.042; p = 0.306), and the distance
from ILM to RPE (estimated correlation β = -0.01; p = 0.014). The integrity of the ELM had an
estimated correlation of β = 0.615 (p = 0.600) with BCVA, whereas this correlation was statisti-
cally significant between the EZ and BCVA (β = 4.917, p = 0.001).
Discussion
The CRT can be considered as an important parameter to evaluate the disease course in non-
resolving CSC patients. However, there is currently no widely accepted definition of the CRT
Fig 3. Integrity of the external limiting membrane (ELM) and ellipsoid zone (EZ) on spectral-domain optical coherence tomography in a
patient with non-resolving central serous chorioretinopathy, who was treated with half-dose photodynamic therapy (PDT). At the visit prior
to PDT, discontinuity is seen at the ELM (A, black arrows) and the EZ (A, white arrow) within 500 μm of the foveal pit (A). At the first visit after
PDT, the ELM and EZ are both continuous within 500 μm of the foveal pit (B).
https://doi.org/10.1371/journal.pone.0202549.g003
OCT parameters in non-resolving CSC
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and there are multiple measurement techniques for CRT.[9, 16, 19] In this study, we intro-
duced a definition of CRT in active non-resolving CSC patients, and evaluated multiple clini-
cal findings on SD-OCT in patients treated with half-dose PDT. We defined CRT in active
Table 1. Best-corrected visual acuity (BCVA) and optical coherence tomography (OCT) parameters in non-resolving central serous chorioretinopathy (CSC)
patients treated with half-dose photodynamic therapy (PDT).
Last visit before PDT (n = 25) First visit after PDT (n = 25) Final visit (n = 24)
Mean (range) Mean (range) P-value Mean (range) P-value
BCVA in ETDRS letters 79 (58–90) 85 (63–96) 0.005 87 (57–93) 0.001
BCVA in Snellen equivalent 0.76 (0.29–1.26) 1.0 (0.36–1.66) 0.005 1.10 (0.28–1.45) 0.001
ILM to EZ distance in μm 112 (70–142) 118 (67–174) 0.030 127 (66–166) <0.001
EZ to hyperreflective accumulation distance in μm (SBT) 74 (12–158) 26 (13–47) <0.001 21 (13–36) <0.001
CRT automatically calculated by OCT device software 396 (229–765) 230 (160–299) <0.001 243 (164–300) <0.001
Number; percentage Number; percentage Number; percentage
Continuous ELM layer 18 (72%) 21 (84%) 0.508 22 (92%) 0.125
Continuous EZ layer 0 (0%) 11 (44%) 0.001 17 (68%) <0.001
BCVA, best-corrected visual acuity; ELM, external limiting membrane; ETDRS, Early treatment of Diabetic Retinopathy Study; EZ, ellipsoid zone; RPE, retinal pigment
epithelium; ILM, internal limiting membrane; OCT, optical coherence tomography; SBT, second band thickness; SD, standard deviation. P-values compared to baseline
visit.
https://doi.org/10.1371/journal.pone.0202549.t001
Fig 4. Multimodal imaging of the left eye of a 49-year-old male patient with non-resolving central serous chorioretinopathy. Fundus autofluorescence (FAF; A),
fluorescein angiography (FA; B), indocyanine green angiography (ICGA; C), and optical coherence tomography (OCT; D) at last visit before half-dose photodynamic
therapy (PDT). FAF (E), FA (F), ICGA (G), and OCT (H) at first visit at 10 weeks after PDT. Both hyperautofluorescent and hypoautofluorescent abnormalities are
visible mainly in the fovea and nasal to the fovea on FAF (within the dashed borders; A). Two ‘hot spots’ of leakage on FA, nasal to the fovea (white arrows) and
hyperfluorescent changes in the area below the fovea (B). Hyper- and hyporeflective abnormalities on ICGA (within the dashed borders), foveal and mainly in the area
nasal to the fovea (C). Presence of foveal subretinal fluid (SRF) on OCT, with the presence of debris within the SRF accumulation (D). Abnormalities on FAF (within
the dashed borders) did not change at the visit 10 weeks after PDT, compared to before PDT (E). One ‘hot spot’ of leakage is still present after PDT (arrow), with no
obvious change in the hyperfluorescent areas that were already present (F). Hyper- and hyporeflective abnormalities showed subtle changes compared to before PDT
(within the dashed borders) (G). A complete resolution of both SRF and hyperreflective subretinal debris was seen, with an improved integrity of the several
neuroretinal layers (H).
https://doi.org/10.1371/journal.pone.0202549.g004
OCT parameters in non-resolving CSC
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non-resolving CSC patients as the distance between inner part of the ILM and inner part of
the EZ. In this study, we found a significant increased BCVA at first visit after PDT and final
visit, increased CRT at final visit, and decreased SBT after treatment with PDT, compared to
values before PDT. We did not find a significant correlation between the increase of CRT and
improvement of BCVA. However, a positive correlation between the continuity of the EZ and
improvement of BCVA was found.
We used generally accepted observations and definitions of retinal layers on SD-OCT that
were described by Spaide and Curcio to correlate our observations on SD-OCT with retinal
histology.[18, 22] In contrast to our results, other authors have described a decrease in CRT
after resolution of SRF.[9–12, 14, 16, 17] Some studies have used the CRT values that were
automatically measured by SD-OCT or the time-domain OCT software in patients who had
SRF.[9–12, 14] This methodology appears to be inaccurate, since these measurements often
include SRF, subfoveal PEDs, or subretinal debris, which should not be considered to be part
of the neuroretina (Fig 1). As these incorrect automated CRT measurements are dependent on
the resolution of SRF during follow-up, they do not give reliable information about the neuror-
etina itself. A complete resolution of SRF should be the primary goal of PDT treatment, which
can for instance be evaluated during follow-up as height and/or volume of the SRF collection,
but automatic CRT measurement is not useful for this purpose.[8, 11, 23] The potential prob-
lem of relying on automated CRT measurements in CSC is further illustrated by studies that
have even described a reduction in CRT after SRF resolution that was larger than the average
CRT in healthy individuals.[9, 16] Therefore, we propose to define CRT in active CSC and
other macular diseases associated with serous subretinal fluid as the distance between the ILM
and upper border of the EZ band as observed on SD-OCT (Figs 1 and 2).
The increase in CRT that we observed at final visit might be caused by restoration of the
outer nuclear layer in the foveal pit after resolution of SRF, which has previously been sug-
gested by Ojima et al.[24] In a healthy retina, photoreceptor outer segments are continuously
renewed and the shed outer segments are phagocytized by the RPE that is tightly associated
with the outer photoreceptors through apical microvilli that surround the photoreceptor outer
segments. In active CSC, the photoreceptor outer segments are detached from the RPE micro-
villi, disturbing the normal anatomical junctions, which consequently impairs normal
Table 2. Correlations of best-corrected visual acuity (BCVA) and parameters visible on optical coherence tomog-
raphy (OCT) in non-resolving central serous chorioretinopathy (CSC) patients treated with half-dose photody-
namic therapy (PDT).
Estimated correlation coefficient with BCVA in ETDRS letters
(GEE analyses)
p-value
ILM to EZ (CRT) 0.103 0.114
EZ to hyperreflective accumulation
(SBT)
-0.051 0.014




ILM to ELM 0.069 0.341
Integrity of the ELM 0.615 0.600
Integrity of the EZ 4.917 0.001
BCVA, best-corrected visual acuity; CRT, central retinal thickness; ELM, external limiting membrane; ETDRS, Early
Treatment of Diabetic Retinopathy Study; EZ, ellipsoid zone; GEE, generalized estimating equations; ILM, internal
limiting membrane; SBT, second band thickness; RPE, retinal pigment epithelium;
 unadjusted p-values, after Bonferroni correction p-values < 0.007 were considered significant.
https://doi.org/10.1371/journal.pone.0202549.t002
OCT parameters in non-resolving CSC
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phagocytosis of photoreceptor outer segments. This may lead to elongation of the photorecep-
tor outer segments and accumulation of unphagocytosed photoreceptor outer segment debris
that can contain autofluorescent lipofuscin precursors.[10, 25, 26] A thickened layer of shed
unphagocytosed photoreceptor outer segment debris dangling below the neuroretina presum-
ably is the main reason for the increased SBT we found prior to PDT compared to the SBT
after PDT. With the resolution of SRF, reconstitution of the close anatomical and physiological
relationship of the RPE microvilli with the outer parts of the photoreceptors will gradually
occur. This will facilitate the phagocytosis of the photoreceptor outer segment debris by the
RPE, with a subsequent gradual decrease in SBT. This is supported by the observations we
made in our current study. After resolution of SRF, the visual outcome in CSC patients is rela-
tively favourable compared to other retinal diseases.[4, 27] This may be due to the specific
properties of the SRF in CSC, which consists of a relatively constant composition that may
probably still allow some metabolic exchange and also provides a compartment in which pho-
toreceptor outer segments can be shed. Also, the foveal cones receive metabolic support of
Mu¨ller cells with which they have an alternative visual cycle for visual pigment regeneration
that is independent of the main visual cycle via RPE that is interrupted in the case of CSC due
to subfoveal SRF accumulation.[28, 29] In this alternative visual cycle, Mu¨ller cells process
cone-derived all-trans retinol.[29] In the rod visual cycle, the RPE recycles the rod-derived all-
trans retinol.[29] In this study, we found ELM discontinuity in a noteworthy number of non-
resolving CSC patients. According to Spaide and Curcio, the ELM consists of Mu¨ller cell junc-
tional complexes.[18] Discontinuity of the ELM may be a reflection of damaged Mu¨ller cells,
leading to more impairment of the alternative visual cycle and worse BCVA, which is sup-
ported by other studies.[15, 30] However, in the present study restoration or persistent discon-
tinuity of ELM integrity during follow-up was not significantly correlated with BCVA. A
disruption of the EZ has been associated with an impairment of BCVA in CSC and other dis-
eases.[15, 24, 30, 31] Ojima et al. have hypothesized that discontinuity of the inner segments/
outer segments line (IS/OS, a term that was previously used for EZ) may be due to degenera-
tion of the photoreceptor outer segments in the foveal photoreceptor layer, without permanent
damage to the photoreceptor cells themselves.[24] This degeneration without permanent dam-
age to the photoreceptor cells could lead to a recovery of the IS/OS (EZ) line after resolution of
SRF.[24] Other studies have shown that the integrity of the IS/OS (EZ), or outer photoreceptor
layer on time-domain OCT can be a good initial predictor of BCVA in CSC patients.[15, 24,
30, 32] In the current non-resolving CSC cohort, we did find a significant correlation between
the integrity of the EZ and BCVA during follow-up, which is in line with the aforementioned
studies.
There are limitations to this study. Despite this being a prospective cohort study, there is a
minor difference in follow-up duration between each patient. This duration may have had an
effect on the remodelling of the choroid. Within our definition of CRT in non-resolving CSC
patients with active SRF, the EZ and photoreceptor outer segments, with an approximate dis-
tance of 55 μm in the healthy undetached fovea, will not be included.[18] In non-resolving
CSC, which is virtually always associated with a certain degree of accumulation of subretinal
hyperreflective debris, SD-OCT cannot distinguish the EZ and photoreceptor outer segments
from the hyperreflective subretinal debris, which have comparable OCT reflectivity character-
istics. Therefore, in order to accurately assess the CRT in non-resolving CSC patients treated
with half-dose PDT, measurement of the distance between ILM to the inner part of the EZ
may be inevitable. The assessment of SD-OCT parameters in this study was performed manu-
ally, and only BCVA was used as a clinical outcome measure. There were 3 patients in this
study that received 2 PDT treatments. It is unknown to what extent a second PDT treatment
may have had an effect on the evaluated OCT parameters. The BCVA in ETDRS letters
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represents the health status within an area of approximately 25 μm in diameter of the foveal
pit. The CRT measurements in this study where performed at 1 point in the foveal pit of
approximately 1 μm in diameter. The correlation of CRT with BCVA may improve with mea-
surement of the area on OCT (circle with a diameter of 25μm, with the foveal pit in the center)
that would represent the BCVA. In addition, the sensitivity of the SD-OCT device is less than
7μm.[18] This sensitivity may be too low to accurately observe changes in the retinal thickness
layers. Also, the results of this study may only apply to non-resolving CSC patients without
extensive atrophic RPE changes, also known as diffuse retinal pigment epitheliopathy, since a
reduction of the SBT may lead to a poor BCVA in patients with such extensive changes.[23]
In conclusion, in non-resolving CSC patients, CRT is not significantly correlated with
BCVA, while the SBT is negatively correlated with BCVA. CRT values that are obtained auto-
matically by SD-OCT device software can be inaccurate and should therefore be used with
caution, since these may include the SRF in CRT the measurement and can consequently lead
to measurement errors in for instance studies on treatment outcome in non-resolving CSC.
We propose that the distance between ILM and EZ, measured in the foveal scan on SD-OCT,
should be used as a reliable CRT measurement in non-resolving CSC patients successfully
treated with half-dose PDT.
Supporting information
S1 Dataset. Dataset that was used for the analyses.
(SAV)
Author Contributions
Conceptualization: Danial Mohabati, Elon H. C. van Dijk, Camiel J. F. Boon.
Data curation: Thomas J. van Rijssen, Greet Dijkman.
Formal analysis: Thomas J. van Rijssen.
Funding acquisition: Camiel J. F. Boon.
Investigation: Thomas J. van Rijssen, Danial Mohabati, Elon H. C. van Dijk, Camiel J. F.
Boon.
Methodology: Thomas J. van Rijssen, Danial Mohabati, Greet Dijkman, Elon H. C. van Dijk,
Camiel J. F. Boon.
Project administration: Camiel J. F. Boon.
Resources: Elon H. C. van Dijk.
Supervision: Danial Mohabati, Elon H. C. van Dijk, Camiel J. F. Boon.
Validation: Danial Mohabati, Elon H. C. van Dijk, Camiel J. F. Boon.
Visualization: Thomas J. van Rijssen.
Writing – original draft: Thomas J. van Rijssen.
Writing – review & editing: Thomas J. van Rijssen, Danial Mohabati, Greet Dijkman, Thomas
Theelen, Eiko K. de Jong, Elon H. C. van Dijk, Camiel J. F. Boon.
References
1. Nakamura T, Ueda-Consolvo T, Oiwake T, Hayashi A. Correlation between outer retinal layer thickness
and cone density in patients with resolved central serous chorioretinopathy. Graefe’s archive for clinical
OCT parameters in non-resolving CSC
PLOS ONE | https://doi.org/10.1371/journal.pone.0202549 August 24, 2018 11 / 13
and experimental ophthalmology = Albrecht von Graefes Archiv fur klinische und experimentelle
Ophthalmologie. 2016; 254(12):2347–54. Epub 2016/06/04. https://doi.org/10.1007/s00417-016-3403-
1 PMID: 27255458.
2. Imamura Y, Fujiwara T, Margolis R, Spaide RF. Enhanced depth imaging optical coherence tomogra-
phy of the choroid in central serous chorioretinopathy. Retina (Philadelphia, Pa). 2009; 29(10):1469–
73. Epub 2009/11/10. https://doi.org/10.1097/IAE.0b013e3181be0a83 PMID: 19898183.
3. Haimovici R, Koh S, Gagnon DR, Lehrfeld T, Wellik S. Risk factors for central serous chorioretinopathy:
a case-control study. Ophthalmology. 2004; 111(2):244–9. Epub 2004/03/17. https://doi.org/10.1016/j.
ophtha.2003.09.024 PMID: 15019370.
4. Daruich A, Matet A, Dirani A, Bousquet E, Zhao M, Farman N, et al. Central serous chorioretinopathy:
Recent findings and new physiopathology hypothesis. Progress in retinal and eye research. 2015;
48:82–118. Epub 2015/06/01. https://doi.org/10.1016/j.preteyeres.2015.05.003 PMID: 26026923.
5. Yannuzzi LA, Slakter JS, Gross NE, Spaide RF, Costa D, Huang SJ, et al. Indocyanine green angiogra-
phy-guided photodynamic therapy for treatment of chronic central serous chorioretinopathy: a pilot
study. Retina (Philadelphia, Pa). 2003; 23(3):288–98. Epub 2003/06/26. PMID: 12824827.
6. Tzekov R, Lin T, Zhang KM, Jackson B, Oyejide A, Orilla W, et al. Ocular changes after photodynamic
therapy. Investigative ophthalmology & visual science. 2006; 47(1):377–85. Epub 2005/12/31. https://
doi.org/10.1167/iovs.05-0838 PMID: 16384988.
7. Salehi M, Wenick AS, Law HA, Evans JR, Gehlbach P. Interventions for central serous chorioretinopa-
thy: a network meta-analysis. The Cochrane database of systematic reviews. 2015;(12):Cd011841.
Epub 2015/12/23. https://doi.org/10.1002/14651858.CD011841.pub2 PMID: 26691378; PubMed Cen-
tral PMCID: PMCPMC5030073.
8. Breukink MB, Downes SM, Querques G, van Dijk EH, den Hollander AI, Blanco-Garavito R, et al. Com-
paring half-dose photodynamic therapy with high-density subthreshold micropulse laser treatment in
patients with chronic central serous chorioretinopathy (the PLACE trial): study protocol for a randomized
controlled trial. Trials. 2015; 16:419. Epub 2015/09/24. https://doi.org/10.1186/s13063-015-0939-z
PMID: 26390920; PubMed Central PMCID: PMCPMC4578347.
9. Arf S, Hocaoglu M, Sayman Muslubas I, Karacorlu M. Efficacy of reduced-fluence photodynamic ther-
apy for central serous chorioretinopathy associated with combined serous retinal detachment and
fovea-involving pigment epithelial detachment. International ophthalmology. 2016. Epub 2016/07/10.
https://doi.org/10.1007/s10792-016-0286-4 PMID: 27392913.
10. Choi KE, Yun C, Kim YH, Kim SW, Oh J, Huh K. The effect of photopigment bleaching on fundus auto-
fluorescence in acute central serous chorioretinopathy. Retina (Philadelphia, Pa). 2016; 37(3):568–77.
Epub 2016/07/19. https://doi.org/10.1097/iae.0000000000001170 PMID: 27429375.
11. Ghadiali Q, Jung JJ, Yu S, Patel SN, Yannuzzi LA. Central serous chorioretinopathy treated with miner-
alocorticoid antagonists: a one-year pilot study. Retina (Philadelphia, Pa). 2016; 36(3):611–8. Epub
2015/09/26. https://doi.org/10.1097/iae.0000000000000748 PMID: 26405766.
12. Furuta M, Iida T, Kishi S. Foveal thickness can predict visual outcome in patients with persistent central
serous chorioretinopathy. Ophthalmologica Journal international d’ophtalmologie International journal
of ophthalmology Zeitschrift fur Augenheilkunde. 2009; 223(1):28–31. Epub 2008/10/14. https://doi.org/
10.1159/000161880 PMID: 18849634.
13. Ohkuma Y, Hayashi T, Sakai T, Watanabe A, Tsuneoka H. One-year results of reduced fluence photo-
dynamic therapy for central serous chorioretinopathy: the outer nuclear layer thickness is associated
with visual prognosis. Graefe’s archive for clinical and experimental ophthalmology = Albrecht von
Graefes Archiv fur klinische und experimentelle Ophthalmologie. 2013; 251(8):1909–17. Epub 2013/03/
05. https://doi.org/10.1007/s00417-013-2289-4 PMID: 23456099.
14. Lai FH, Ng DS, Bakthavatsalam M, Chan VC, Young AL, Luk FO, et al. A Multicenter Study on the
Long-term Outcomes of Half-dose Photodynamic Therapy in Chronic Central Serous Chorioretinopa-
thy. American journal of ophthalmology. 2016; 170:91–9. Epub 2016/08/16. https://doi.org/10.1016/j.
ajo.2016.07.026 PMID: 27519561.
15. Yalcinbayir O, Gelisken O, Akova-Budak B, Ozkaya G, Gorkem Cevik S, Yucel AA. Correlation of spec-
tral domain optical coherence tomography findings and visual acuity in central serous chorioretinopathy.
Retina (Philadelphia, Pa). 2014; 34(4):705–12. Epub 2013/10/09. https://doi.org/10.1097/iae.
0000000000000001 PMID: 24100708.
16. Cheng CK, Chang CK, Peng CH. Comparison Of Photodynamic Therapy Using Half-Dose Of Vertepor-
fin Or Half-Fluence Of Laser Light For The Treatment Of Chronic Central Serous Chorioretinopathy.
Retina (Philadelphia, Pa). 2017; 37(2):325–33. Epub 2016/07/19. https://doi.org/10.1097/iae.
0000000000001138 PMID: 27429374.
17. Cakir B, Fischer F, Ehlken C, Buhler A, Stahl A, Schlunck G, et al. Clinical experience with eplerenone
to treat chronic central serous chorioretinopathy. Graefe’s archive for clinical and experimental
OCT parameters in non-resolving CSC
PLOS ONE | https://doi.org/10.1371/journal.pone.0202549 August 24, 2018 12 / 13
ophthalmology = Albrecht von Graefes Archiv fur klinische und experimentelle Ophthalmologie. 2016;
254(11):2151–7. Epub 2016/10/27. https://doi.org/10.1007/s00417-016-3373-3 PMID: 27145785.
18. Spaide RF, Curcio CA. Anatomical correlates to the bands seen in the outer retina by optical coherence
tomography: literature review and model. Retina (Philadelphia, Pa). 2011; 31(8):1609–19. Epub 2011/
08/17. https://doi.org/10.1097/IAE.0b013e3182247535 PMID: 21844839; PubMed Central PMCID:
PMCPMC3619110.
19. Dhirani NA, Yang Y, Somani S. Long-term outcomes in half-dose verteporfin photodynamic therapy for
chronic central serous retinopathy. Clinical ophthalmology (Auckland, NZ). 2017; 11:2145–9. Epub
2017/12/22. https://doi.org/10.2147/opth.s151933 PMID: 29263642; PubMed Central PMCID:
PMCPMC5724425.
20. de Jong EK, Breukink MB, Schellevis RL, Bakker B, Mohr JK, Fauser S, et al. Chronic central serous
chorioretinopathy is associated with genetic variants implicated in age-related macular degeneration.
Ophthalmology. 2015; 122(3):562–70. Epub 2014/12/03. https://doi.org/10.1016/j.ophtha.2014.09.026
PMID: 25439433.
21. Sayanagi K, Sharma S, Yamamoto T, Kaiser PK. Comparison of spectral-domain versus time-domain
optical coherence tomography in management of age-related macular degeneration with ranibizumab.
Ophthalmology. 2009; 116(5):947–55. Epub 2009/02/24. https://doi.org/10.1016/j.ophtha.2008.11.002
PMID: 19232732.
22. Staurenghi G, Sadda S, Chakravarthy U, Spaide RF. Proposed lexicon for anatomic landmarks in nor-
mal posterior segment spectral-domain optical coherence tomography: the IN*OCT consensus. Oph-
thalmology. 2014; 121(8):1572–8. Epub 2014/04/24. https://doi.org/10.1016/j.ophtha.2014.02.023
PMID: 24755005.
23. Haga F, Maruko R, Sato C, Kataoka K, Ito Y, Terasaki H. Long-term prognostic factors of chronic central
serous chorioretinopathy after half-dose photodynamic therapy: A 3-year follow-up study. PloS one.
2017; 12(7):e0181479. Epub 2017/07/26. https://doi.org/10.1371/journal.pone.0181479 PMID:
28742138.
24. Ojima Y, Tsujikawa A, Yamashiro K, Ooto S, Tamura H, Yoshimura N. Restoration of outer segments of
foveal photoreceptors after resolution of central serous chorioretinopathy. Japanese journal of ophthal-
mology. 2010; 54(1):55–60. Epub 2010/02/13. https://doi.org/10.1007/s10384-009-0766-4 PMID:
20151277.
25. Matsumoto H, Kishi S, Otani T, Sato T. Elongation of photoreceptor outer segment in central serous
chorioretinopathy. American journal of ophthalmology. 2008; 145(1):162–8. Epub 2007/11/22. https://
doi.org/10.1016/j.ajo.2007.08.024 PMID: 18028861.
26. Wang M, Sander B, la Cour M, Larsen M. Clinical characteristics of subretinal deposits in central serous
chorioretinopathy. Acta ophthalmologica Scandinavica. 2005; 83(6):691–6. Epub 2006/01/07. https://
doi.org/10.1111/j.1600-0420.2005.00582.x PMID: 16396646.
27. Williamson TH, Shunmugam M, Rodrigues I, Dogramaci M, Lee E. Characteristics of rhegmatogenous
retinal detachment and their relationship to visual outcome. Eye. 2013; 27(9):1063–9. https://doi.org/10.
1038/eye.2013.136 PMID: 23788207
28. Reichenbach A, Bringmann A. New functions of Muller cells. Glia. 2013; 61(5):651–78. Epub 2013/02/
27. https://doi.org/10.1002/glia.22477 PMID: 23440929.
29. Wang JS, Estevez ME, Cornwall MC, Kefalov VJ. Intra-retinal visual cycle required for rapid and com-
plete cone dark adaptation. Nature neuroscience. 2009; 12(3):295–302. Epub 2009/02/03. https://doi.
org/10.1038/nn.2258 PMID: 19182795; PubMed Central PMCID: PMCPMC2707787.
30. Ojima Y, Hangai M, Sasahara M, Gotoh N, Inoue R, Yasuno Y, et al. Three-dimensional Imaging of the
Foveal Photoreceptor Layer in Central Serous Chorioretinopathy Using High-speed Optical Coherence
Tomography. Ophthalmology. 2007; 114(12):2197–207.e1. https://doi.org/10.1016/j.ophtha.2007.02.
015 PMID: 17507096
31. Tao LW, Wu Z, Guymer RH, Luu CD. Ellipsoid zone on optical coherence tomography: a review. Clinical
& experimental ophthalmology. 2016; 44(5):422–30. Epub 2015/11/22. https://doi.org/10.1111/ceo.
12685 PMID: 26590363.
32. Piccolino FC, de la Longrais RR, Ravera G, Eandi CM, Ventre L, Abdollahi A, et al. The foveal photore-
ceptor layer and visual acuity loss in central serous chorioretinopathy. American journal of ophthalmol-
ogy. 2005; 139(1):87–99. Epub 2005/01/18. https://doi.org/10.1016/j.ajo.2004.08.037 PMID:
15652832.
OCT parameters in non-resolving CSC
PLOS ONE | https://doi.org/10.1371/journal.pone.0202549 August 24, 2018 13 / 13
